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ABSTRACT 
It h a s  been determined from e x t e n s i v e  t e s t s  
i nvo lv ing  t e s t  models and home a t t i c s  t h a t  l o o s e  
f i l l  and f i b e r  b a t e  i n s u l a t i o n  does  n o t  f u n c t i o n  a s  
expected by t h e  i n d u s t r y .  The r ea son  f o r  t h i s  
d e f i c i e n c y  is c u r r e n t  t e s t  methods do n o t  
a c c u r a t e l y  p r e d i c t  t h e  magnitude o f  a i r  
i n f i l t r a t i o n  i n t o  f i b e r  i n s u l a t i o n  a s  used i n  home 
a t t i c s ,  r a d i a n t  h e a t  i n f i l t r a t i o n  i n t o  t h e  
i n s u l a t i o n  d u r i n g  summer, o r  r a d i a n t  h e a t  l o s s  
through t h e  i n s u l a t i o n  d u r i n g  w i n t e r  c o n d i t i o n s .  
The u s e  o f  (1)  mo i s tu re  permeable membranes 
over  t h e  i n s u l a t i o n ,  and (2)  l a y e r e d  membranes 
between f i b e r  b a t t s  t o  form c l o s e d  c e l l s  i n  t h e  
i n s u l a t i o n  bo th  d r a m a t i c a l l y  improve t h e  e f f i c i e n c y  
of t h e  f i b e r  i n s u l a t i o n .  
The e f f i c i e n c y  o f  t h i s  i n s u l a t i o n  w i l l  be  
improved t o  an  even g r e a t e r  deg ree  i f  t h e s e  
membranes r e f l e c t  r a d i a n t  h e a t  a s  w e l l  a s  reduce  
convec t ion  a i r  c u r r e n t s .  
Ex tens ive  t e s t s  have a l s o  been conducted which 
show t h a t  i f  mo i s tu re  permeable membranes a r e  used 
ove r  f i b e r  i n s u l a t i o n ,  t h e  mo i s tu re  c o n t e n t  of t h e  
i n s u l a t i o n  w i l l  be  reduced.  
INTRODUCTION 
Th i s  r e s e a r c h  s t u d y  of i n s u l a t i o n  is  
unorthodox i n  t h a t  i t  was s t a r t e d  a s  a  s c i e n c e  f a i r  
p r o j e c t  when t h i s  r e s e a r c h e r  was i n  t h e  f o u r t h  
g rade  and knew n o t h i n g  o f  i n s u l a t i o n  o t h e r  t h a n  
t h a t  t h e  t he rma l  e f f i c i e n c y  o f  g l a s s  f i b e r  
i n s u l a t i o n  was supposed t o  be 113 t h a t  of 
po lyu re thane  foam i n s u l a t i o n .  It was found t h a t  
t h i s  i s  n o t  t h e  ca se .  
The p r o j e c t  t ook  on a  more s e r i o u s  n a t u r e  when 
a s  a n  e i g h t h  g rade  s t u d e n t ,  t h i s  r e s e a r c h e r ' s  work 
was reviewed f o r  approximate ly  one y e a r  by a  group 
of  seven e n g i n e e r s  w i t h  Arkansas Lou i s i ana  Gas 
Company a t  which t ime r e s e a r c h  was suppor t ed  i n  t h e  
form of reviews and a  r e s e a r c h  g r a n t  by t h i s  
u t i l i t y  company. 
A l l  t e s t  equipment used i n  th i s  research i s  
readily avai lable  or  can be constructed easily. 
One exception included a seven day graphic recorder 
for  recording re1 a t ive  humidity and temperature. 
The recorder was loaned by Arkansas Louisiana G a s  
Company. Another piece of equipment was a ten 
channel d i g i t a l  temperature indicator. The 
indicator was used to measure tarperatme gradients 
though various insulatkm systans and the humidity 
and temperature recorder was used fo r  moisture 
vapor studies. 
The t e s t s  conducted i n  t h e  e a r l y  phases  of 
t h i s  s t u d y  were dev i sed  t o  b e t t e r  unde r s t and  t h e  
phenomena which occur  i n  i n s u l a t i o n .  L a t e r  t e s t s  
were d e v i s e d  t o  measure and p r e d i c t  t h e  i n -p l ace  
performance of i n s u l a t i o n  i n  a t t i c s .  I n  o r d e r  t o  
f u l l y  unde r s t and  t h e  f i n d i n g s  o f  t h i s  s t u d y ,  one 
must r ev i ew a  b r i e f  and e d i t e d  c h r o n o l o g i c a l  r ev i ew 
o f  t h i s  r e s e a r c h .  
A I R  INFILTRATION 
The o r i g i n a l  t e s t  i n  t h i s  s t u d y  was an  a t t empt  
t o  show t h a t  one i n c h  o f  po lyu re thane  was the rma l ly  
e q u a l  t o  t h r e e  i n c h e s  o f  f i b e r g l a s s  i n s u l a t i o n .  
One box was b u i l t  of each  i n s u l a t i o n  w i t h  no 
backing u s i n g  two i n c h  by two i n c h  wood around t h e  
edges  t o  make t h e  boxes  s t r u c t u r a l l y  sound. 
Twenty-five i c e  cubes  were p l aced  i n  each box. The 
two boxes  were  p l aced  i n  a  g a r a g e  n e a r  a n  e l e c t r i c  
c l o t h e s  d r y e r  o u t l e t .  The d r y e r  was tu rned  on and 
t empera tu re s  were  measured i n s i d e  each box u s i n g  
d i a l  t y p e  pho tog raph ic  thermometers .  The o u t s i d e  
a i r  t empera tu re  was a l s o  measured n e a r  t h e  t o p  o f  
each box. The t empera tu re  i n s i d e  t h e  g a r a g e  ranged 
between 68 O F  t o  70 O F .  The t empera tu re  i n s i d e  t h e  
box w i t h  po lyu re thane  ranged between 52 "F t o  58  "F 
w h i l e  t h e  t empera tu re  i n s i d e  t h e  box w i t h  
f i b e r g l a s s  ranged between 81 O F  t o  88 a F .  T h i s  
showed t h a t  something was happening which could  n o t  
be  p r e d i c t e d  based on c u r r e n t  pub l i shed  t e s t  d a t a  
on i n s u l a t i o n .  
I n  a n  a t t e m p t  t o  b e t t e r  unde r s t and  t h i s  
d i sc repancy ,  t h r e e  a d d i t i o n a l  boxes  were b u i l t .  
The t h r e e  i n c h e s  o f  f i b e r g l a s s  and po lyu re thane  
were removed from t h e  two o r i g i n a l  boxes .  One 
s h e e t  o f  two m i l  p o l y e t h y l e n e  was i n s t a l l e d  on one 
o f  t h e  boxes;  two s h e e t s  o f  p o l y e t h y l e n e  were  
i n s t a l l e d  on t h e  second box, one on t h e  i n s i d e  of 
t h e  wood f r aming  and one on t h e  o u t s i d e ;  two i n c h e s  
o f  f i b e r g l a s s  i n s u l a t i o n  was i n s t a l l e d  on t h e  t h i r d  
box between t h e  f raming;  two i n c h e s  of f i b e r g l a s s  
i n s u l a t i o n  w i t h  p o l y e t h y l e n e  on t h e  o u t s i d e  of t h e  
i n s u l a t i o n  was i n s t a l l e d  on t h e  f o u r t h  box; and two 
i n c h e s  of f i b e r g l a s s  i n s u l a t i o n  w i t h  po lye thy lene  
on t h e  o u t s i d e  and i n s i d e  o f  t h e  i n s u l a t i o n  was 
i n s t a l l e d  on t h e  f i f t h  box. F ive  hundred 
r n i l i l i t e r s  o f  125 OF w a t e r  was p l aced  i n  each  box. 
The t empera tu re  i n  each box was r eco rded  f o r  1 .5  
hours .  The d a t a  a r e  p l o t t e d  on F i g u r e  1. T h i s  
exper iment  demonst ra ted  t h a t  t h e r e  is a  d e f i n i t e  
need f o r  a  membrane t o  be  i n s t a l l e d  on i n s u l a t i o n  
t o  s t o p  a i r  i n f i l t r a t i o n .  
The n e x t  phase  i n  t h i s  p r o j e c t  was t o  measure 
t empera tu re  i n  and under  i n s u l a t i o n  i n  houses .  
Hundreds o f  measurements were made on s e v e r a l  homes 
i n  t h e  S h r e v e p o r t ,  Lou i s i ana  a r e a  and t y p i c a l  
examples a r e  d i s c u s s e d  below. One o f  t h e  t e s t s  was 
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conducted when t h e  o u t s i d e  a i r  t empera tu re  was 30 
OF, t h e  a t t i c  t empera tu re  was 33 "F, and t h e  
tempera ture  one inch  above t h e  s h e e t r o c k  and n i n e  
inches  deep i n  t h e  i n s u l a t i o n  was 42 OF. The 
t empera tu re  i n s i d e  t h e  home n e a r  t h e  s h e e t r o c k  
c e i l i n g  was 80 "F  which i s  a  38 "F d rop  through one 
i n c h  o f  i n s u l a t i o n  and t h e  one-hal f  i n c h  s h e e t r o c k .  
T h i s  proved t h a t  t h e  s h e e t r o c k  was do ing  most of 
t h e  i n s u l a t i n g  and t h e  t e n  i n c h e s  of i n s u l a t i o n  i n  
t h e  a t t i c  was of  v e r y  l i t t l e  b e q e f i t .  
Legend: 1  I n f i u l a t i o n  And Membrane On Both S i d e s  
2  I n s u l a t i o n  And Membrane On One S i d e  Only 
3  I n s u l a t i o n  Only 
4 Two Membranes Only 
5  One Membrane Only 
Ou t s ide  Air Temperature = 30 "F  
Time - Minutes 
FIGURE 1  Temperature  Reduct ion  
I n s i d e  Box Versus  Time 
A two m i l  membrane of  po lye thy lene  was 
i n s t a l l e d  between two r a f t e r s  of  t h i s  home over  t h e  
e x i s t i n g  i n s u l a t i o n .  Temperatures  were checked a t  
v a r i o u s  d e p t h s  w i t h  a  d i g i t a l  t r e n d i c a t o r .  A t  
t h i s  t ime,  t h e  w i n t e r  c o n d i t i o n s  had moderated b u t  
t h e r e  was a  s u b s t a n t i a l  improvement i n  t h e  
e f f i c i e n c y  o f  t h e  i n s u l a t i o n  when a  membrane was 
i n s t a l l e d .  During t h e  f o l l o w i n g  summer, 
t empera tu re s  were checked when t h e  a t t i c  
t empera tu re  was 125 OF. Without a  membrane o v e r  
t h e  i n s u l a t i o n ,  t h e  t empera tu re  n e x t  t o  t h e  
s h e e t r o c k  was 114 OF o r  a n  11 OF d rop  th rough  t h e  
i n s u l a t i o n .  The t empera tu re  n e x t  t o  t h e  s h e e t r o c k  
i n s i d e  t h e  room was 82 OF o r  a  32 OF d rop  th rough  
t h e  s h e e t r o c k ,  a g a i n  showing t h a t  t h e  i n s u l a t i o n  
was o f  v e r y  l i t t l e  b e n e f i t  and on ly  113 a s  
e f f e c t i v e  a s  s h e e t r o c k .  Between t h e  r a f t e r s ,  under  
t h e  i n s u l a t i o n  w i t h  a  membrane, t h e  t empera tu re  was 
checked and found t o  b e  92 "F n e x t  t o  t h e  s h e e t r o c k  
o r  a  3 3  OF d rop  th rough  t h e  i n s u l a t i o n  and a  10 OF 
d rop  through t h e  s h e e t r o c k ,  showing t h a t  t h e  
i n s u l a t i o n  wi th  a  membrane was t h r e e  t imes  a s  
e f f e c t i v e  a s  s h e e t r o c k .  
I n  o r d e r  t o  more a c c u r a t e l y  measure 
t empera tu re  i n  and through t h e  a t  t i c  i n s u l a t i o n ,  a  
home s i m u l a t o r  was c o n s t r u c t e d .  T h i s  s i m u l a t o r  was 
c o n s t r u c t e d  o f  314 i n c h  plywood w i t h  two i n c h  by 
f o u r  i n c h  p i n e  used a t  t h e  c o r n e r s  and edges  t o  
g i v e  s t r u c t u r a l  suppor t .  The box measured 
app rox ima te ly  t h r e e  f e e t  wide by t h r e e  f e e t  l o n g  by 
f o u r  f e e t  h i g h .  A p i e c e  o f  112 inch  s h e e t r o c k  was 
i n s t a l l e d  t h r e e  f e e t  from t h e  f l o o r  o f  t h e  
s i m u l a t o r  and p r o v i s i o n s  were  made t o  i n s t a l l  15  
i n c h  wide b a t t  i n s u l a t i o n  on top  of t h e  s h e e t r o c k .  
The a r e a  was d i v i d e d  i n t o  f o u r  I5  i n c h  by 19 i n c h  
c e l l s  i n  o r d e r  t o  compare v a r i o u s  i n s u l a t i o n  
sys tems.  The i n s u l a t i o n  sys tem t e s t s  were 
con f igu red  a s  shown on F i g u r e  2  u s i n g  two m i l  c l e a r  
p o l y e t h y l e n e  a s  a  membrane. 
1 f l t  
No Membrane 2  Membranes 
I n s u l a t i o n  
1  Membrane 3  Membranes 
FIGURE 2  Air  C i r c u l a t i o n  and Convect ion  Heat Flow 
i n  Var ious  I n s u l a t i o n  C o n f i g u r a t i o n s  
A 200 w a t t  l i g h t  b u l b  was p l aced  i d  t h e  
s i m u l a t o r  t o  g e n e r a t e  h e a t  and t h e  s i m u l a t o r  was 
p l a c e d  i n s i d e  a  5 3  OF c o o l e r  and a  36 "F c o o l e r .  
Temperatures  were  measured i n s i d e  t h e  s i m u l a t o r ,  
i n s i d e  t h e  c o o l e r ,  and i n  t h e  a i r  s p a c e  under  t h e  
i n s u l a t i o n  a t  t h e  t o p  of t h e  s h e e t r o c k .  The 
i n s u l a t i o n  was a l s o  removed from one c e l l  and t h e  
a i r  s p a c e  t empera tu re  n e x t  t o  t h e  t op  o f  t h e  
s h e e t r o c k  was measured. The d a t a  a r e  p r e s e n t e d  i n  
F i g u r e s  3  and 4. As c a n  be  s e e n ,  t h e r e  is  a  
s i g n i f i c a n t  improvement i n  t h e  e f f i c i e n c y  o f  t h e  
i n s u l a t i o n  w i t h  membranes. 
I n  No No 1 2 3 1 1 1  
Cool I n s  Mem Mem Mem Mem Box 
FIGURE 3  Temperature  I n s i d e  Coo le r ,  I n s i d e  
S i m u l a t o r ,  and Next t o  Top of 
Shee t rock  Under Var ious  I n s u l a t i o n  
C o n f i g u r a t i o n s  
The i n c r e a s e  i n  e f f i c i e n c y  of t h e  i n s u l a t i o n  
which i s  p r o t e c t e d  by membranes is  due t o  a  
d e c r e a s e  i n  h e a t  induced n a t u r a l  convec t ion  i n  t h e  
f i b e r  i n s u l a t i o n .  T h i s  phenomenon i s  c o n t r a r y  t o  
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In No No 1 2 3 1 1 - 1  
Cool Ins Mem Mem Mem Mem Box 
FIGURE 4 Temperature Inside Cooler, Inside 
Simulator, and Next to Top of 
Sheetrock Under Various Insulation 
Configurations. 
current accepted concepts of insulation but was 
observed by Kenneth E. Wilkes, and James L. Rucker 
of Owens Corning Technical Center and is described 
in their report entitled Thermal Performance of 
Residential Attic Insulation (1). This convection 
was indicated by heat flux transducers under the 
insulation, a lack of uniform temperature at the 
top of the insulation as measured by an array of 
thermocouples, and convection currents above the 
insulation photographed with an infrared camera. 
Dr. Wilkes states that many of these conditions are 
contrary to theory and that theories have not been 
found which apply to the open top surface such as 
fiber insulation. This study, even more than 
Wilkes' study, indicates that the convection 
currents and air infiltration into fiber insulation 
is much more seriou~ than previously expected. 
RADIATION 
In mid January. 1985, several perforated 
polyeth lene films became available for tests. One 
of these fil.ms was a 1.25 mil white perforated 
polyetb lene film. This material uses TiO, as the 
white pigment. The unique advantage of this is 
that the titanium in the pigment reflects radiant 
heat. Three tests were conducted to evaluate this 
new membrane. Tests number 1 and 2 used the home 
simulator used in previous tests. For test number 
1, seven inches of "R" 22 fiberglass insulation was 
placed in each of the 15 inch by 19 inch cells. 
One clear two mil polyethylene film was placed over 
one cell; one white 1.25 mil perforated 
polyethylene film was placed over the second cell; 
one clear two mil film was placed horizontally 
midway in the insulation and another clear film 
over the insulation in the third cell; and the same 
configuration using the white 1.25 mil perforated 
film in the fourth cell. Tabulated data are shown 
on Table I and are plotted on Figure 5. These data 
clearly show an improvement if the white material 
is used. It is hypothesized that radiant heat was 
being reflected back into the insulation, thus 
addressing radiant heat loss as well as convection 
heat loss. 
Test number 2 used the same box with no 
insulation in one cell, seven inches of "R" 2 2 
insulation in the second cell, insulation with one 
clear two mil film over the insulation in the third 
cell. and the same configuration using a white 1.25 
perforated film in the fourth cell. The tabulated 
data are shown on Table I and plotted data are 
shown on Figure 6. The white membrane 
configuration clearly is the most effective in this 
Test 112 
Outside 
Air 
Temp. 
28°F 
30'F 
36" F 
51°F 
TABLE 1 - ZABULATED DATA 
Test 111 
Test 113 
Temp. 
With 
No 
Insulation 
35°F 
36°F 
45" F 
61°F 
Outside 
Air , 
Temp. 
22°F 
18°F 
18°F 
28OF 
Temp. 
Under 
lko 
Clear 
Membranes 
52°F 
51°F 
61°F 
69°F 
Temp. Temp. Temp. Temp. 
Under Under Under Inside 
Aluminum 
Clear White 
Membrane Membrane 
122OF 137OF 138°F 145°F 
Temp. 
Under 
One 
Clear 
Membrane 
43°F 
42°F 
51°F 
60" F 
Temp. 
Under 
Insulation 
Only 
60°F 
62OF 
66'F 
78OF 
Temp. 
Under 
One 
White 
Membrane 
48°F 
46°F 
56OF 
65°F 
Temp. 
Under 
lko 
White 
Membranes 
53°F 
52°F 
64OF 
71°F 
Temp. 
Inside 
Box 
57°F 
57°F 
68°F 
74°F 
Temp. 
Under 
One 
Clear 
Membrane 
72°F 
70" F 
71°F 
86°F 
Temp. 
Under 
One 
White 
Membrane 
74°F 
74°F 
73°F 
88°F 
Temp. 
Inside 
Box 
77°F 
78°F 
85" F 
94" F 
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test and the reason is speculated to be the same as 
test number 1. 
Legend: 1 Outside Air Temperature 
2 One Clear 2 Mil. Membrane 
3 One White 1.25 Mil. Perforated Membrane 
4 Two Clear 2 Nil Membranes 
5 Two White 1.25 Mil. Perforated Membranes 
6 Temperature Inside Simulator 
FIGURE 5 Outside Air Temperature. Temperature 
Inside Simulator, and Temperature Next 
to Top of Sheetrock Under Various 
Insulation Configurations. 
Legend: 1 Outside Air Temperature 
2 No Insulation 
3 7 Inches 1nsulation'Only 
4 One Clear 2 Mil Membrane 
5 One White 1.25 Mil. Perforated Membrane 
6 Temperature Inside Simul.ator 
Lr 
FIGURE 6 Outside Air Temperature. Temperature 
Inside Simulator, and Temperature Next 
to Top of Sheetrock Under Various 
Insulation Configurations. 
Test number 3 was conducted using four-six 
inch square, three-1/2 inch deep cells with 1/2 
inch sheetrock under the insulation. This test 
used 3-1/2 inches of "R" 1 1  insulation in each cell 
with no membrane over one cell; clear two mil 
polyethylene over one cell; white 1.25 mil 
perforated polyethylene over another cell; and 
aluminum foil over the fourth cell. The objective 
of this test was to try to evaluate radiant heat 
effect since aluminum foil is considered to be an 
effective barrier for radiant heat transfer. The 
tabulated data from this test are shown on 
Table I and the plotted data are shown on Figure 7. 
The temperature in each cell next to the top of the 
sheetrock was observed throughout this test and, in 
all cases, the temperature under the white material 
and the aluminum foil was the same + 1 OF while the 
temperature under the clear membrane and the 
insulation only was significantly lower. 
After the heat source under the cells was 
turned off the temperature stabilized, data for 
test number 3 were recorded. It was determined 
from these tests that: 
1. The white perforated polyethylene material is 
as effective in reducing convection heat loss 
as the clear material. 
2. The white perforated material is as effective 
in reducing the radiant heat loss as aluminum 
foil. 
Room No Clear White Alum 
Temp Mem Mem Mem Foil 
FIGURE 7 Temperature Inside Room and Temperature 
Next to Top of Sheetrock Under Various 
insulation Configurations. 
It should be noted that after this test was 
completed, the fiber insulation was inspected and 
found to be normal except under the aluminum foil. 
This insulation was saturated with water due to the 
fact that this foil is a true moisture vapor 
barrier. This test was repeated several times with 
the same results. This does indicate that possibly 
moisture accumulation In insulation using aluminum 
foil as a radiation barrier should be investigated 
due to its wide spread use at this time. 
MOISTURE 
To research moisture accumulation in 
insulation, the home simulator described earlier 
was modif led. The top of the box was constructed 
similar to a house with one-half inch sheetrock as 
a ceiling. Two eight inch fiberglass batts were 
installed over the sheetrock. Two mil clear 
polyethylene was installed over one of the batts. 
A rack was placed inside the box which supported 
two pans of water and an electric light. An 
instrument was placed inside the box which recorded 
temperature and humidity. Numerous tests were 
conducted using this equipment. Temperatures were 
measured in the box, under the insulation next to 
the sheetrock, and in the 35 'F cooler in which 
this box was placed. Temperature gradients similar 
to those recorded previously were measured. The 
first tests were conducted using a 300 watt heat 
lamp directed at the sheetrock. The temperature 
under the insulation next to the sheetrock was over 
100 'F and there was moisture condensation in the 
insulation which was covered by the membrane and in 
the insulation which was not covered by a membrane. 
The heat lamp was replaced by a 100 watt light bulb 
which reduced the temperature inside the box to 60 
"F and a relative humidity of 70 percent. After 
approximately forty-eight hours, the moisture had 
evaporated and there was no evidence of 
condensation. Next, the 100 watt light bulb was 
replaced by a 200 watt light bulb which raised the 
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temperature inside the box to 74 'F and a relative 
humidity of 80 percent. After seventy-two hours. 
moisture condensation was observed in the 
insulation with and without a membrane. This 
experiment was reversed several times and it was 
always observed that the condensation disappeared 
when the 100 watt light bulb was installed. 
Samples of the insulation were tested by 
Southwestern Laboratories Inc. after the 100 watt 
light bulb had been installed and after a forced 
dew point condition using the 200 watt light bulb 
had been observed. In both cases, the moisture 
content was higher in the insulation which was not 
covered by a membrane. It is speculated that air 
circulation or natural convection into the 
insulation from the cooler carried colder air into 
the insulation which was not covered by a membrane 
thus cooling the warm, moist air and causing a dew 
point condition. If the insulation is covered by a 
membrane, this condition does not exist. 
The experiment was repeated in a -10 "F 
freezer in which the box was left for 45 days to 
determine if there would be ice build-up in the 
insulation. Samples of this insulation were taken 
to the testing laboratory and it was determined 
that moisture content in the insulation without a 
membrane was higher than the insulation which was 
covered by a two mil polyethylene membrane. There 
was a small amount of ice inside the insulation 
which was not covered by the membrane and a slight 
amount of ice on the surface of the two mil 
polyethelene. 
These tests were repeated using the white 
perforated membranes. The white perforated film 
permits a free exchange of molecules at the surface 
of the membrane. Due to this free exchange, the 
differential vapor pressure (caused by the 
differential heat) dries the insulation. The 
results of the test are that the insulation covered 
by this material has a moisture content of less 
than 50 percent that of fiberglass covered with a 
clear two mil polyethylene and 20 percent or 115 
that of in-place fiberglass insulation with no 
membrane. 
DERIVATION OF THERMAL CONDUCTIVITY (K) 
AND THERMAL RESISTANCE (R) 
All tests and experiments prior to January 
1986 have been conducted to measure differential 
temperature through insulation and determine a 
relative efficiency of insulation with and without 
membranes. It is obvious that to withstand any 
challenge to the principles of this research and 
its conclusions, one must devise tests to measure 
the actual heat flux through construction materials 
as they are used in the industry and more 
particularly in attic construction. 
To conduct these tests, the simulator 
described earlier was modified. A 110 volt 
thermostat was placed inside the simulator. The 
thermostat was attached to a two outlet plug. To 
this plug was attached a 5,000 Btu rated electric 
heater and a clock. The heater remained inside the 
simulator and the clock was placed outside the 
simulator so as to measure the time the heater was 
on over a period of days. The outside walls and 
bottom of the simulator were then insulated with 
four (4) inches of spray applied polyurethane foam 
insulation. This test equipment was then placed 
inside a 35 "F food cooler in Shreveport. 
Louisiana. The simulator was elevated 
approximately six (6) inches above the floor of the 
cooler so as to expose the bottom to the same 
conditions as the walls and top. Thus, any 
abnormal conduction heat loss through the bottom of 
the simulator was eliminated. The thermostat 
inside the box was set at 70 OF. The air 
temperature was measured using two dial type 
photographic thermometers to be 72 OF. The line 
current to the heater was measured to be 11.6 to 
11.8 amps and 118 to 119 volts using a digital amp 
and volt meter. The current required for 5.000 Btu 
at 118 volts is 12.4 amps; therefore, it is assumed 
that the label on the heater is incorrect and the 
actual output is 4750 Rtu which is used in the 
calculations. 
To evaluate the various insulation systems, 
two "R" 1 1  fiberglass batts were "stacked" over the 
sheetrock when required. The membrane used was a 
white four mil perforated polyethylene film similar 
to the 1.25 mil film used earlier, but structurally 
more sound. When one membrane was used, it was 
placed over the insulation system and when two 
membranes were used, one was placed over the 
insulation and one was placed between the "stacked" 
batts. To conduct a test for insulation only, the 
sheetrock was removed and a series of strings were 
stretched across the "ceiling" space to support the 
insulation. 
Polyurethane foam insulation was sprayed onto 
3/4 inch plywood to replace the sheetrock with 
material identical to the wall and bottom 
construction in order to determine an accurate 
~tu/~t' loss for the simulator walls and bottom. 
To conduct the evaluation of the various 
insulation systems, the box was placed in the 35 "F 
cooler. To conduct the first test, the two 
"stacked" insulation batts were placed over the 
sheetrock with no membranes used. The time the 
heater was on was checked and recorded at least two 
times daily for seven days. The temperature of the 
cooler was also checked and recorded at each time 
data were colLected. The cooler temperature varied 
between 33 "F and 36 "F for all tests. 
This first test was repeated with: (1) one 
membrane over the insulation; (2) one membrane 
over the insulation and one membrane between the 
batts; (3) with all insulation and membranes 
removed to test for sheetrock efficiency; and (4) 
with the sheetrock and all other materials removed 
then the insulation batts suspended in their normal 
place. These data are plotted on Figure 8. In all 
cases, the function was a straight line and all 
points plotted on the line (A-E). 
Function (F) on Figure 8 is the calculated 
heat loss through the simulator walls and bottom 
using data obtained from the test with urethane on 
the top of the simulator. This function is used 
only to determine heat transfer through the various 
insulation systems tested to calculate thermal 
resistance "R" and thermal conductivity "K". 
Functions "G" and "H" are determined using 
published "K" values for the urethane insulation 
(. 13) and fiberglass insulation (.33) which are 
derived from the "Guarded Hot Plate Test" (A.S.T.M. 
C-177) and accepted heat transfer formulas. 
Figure 9 is a graph of heat loss per hour 
versus differential temperature using data obtained 
at 35 O F  differential temperature only. As more 
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d a t a  a t  v a r i o u s  d i f f e r e n t i a l  t empera tu re s  a r e  
ob ta ined  t h e s e  f u n c t i o n s  cou ld  change. 
Note: 35 
Legend: A. 
B. 
C. 
D. 
"F Cool.er Temperature 
Shee t rock  Only, No I n s u l a t i o n  
I n s u l a t i o n  Only,  No Shee t rock  
7  Inches  I n s u l a t i o n  Over Shee t rock  
One Membrane, 7 Inches  I n s u l a t i o n  
Over Shee t rock  
Two Membranes. 7  Inches  I n s u l a t i o n  
Over Shee t rock  
Heat Loss  Through Wal ls  and Bottom 
o f  S imula to r  
C a l c u l a t e d  Heat Loss  Through 
S imula to r  and F i b e r  I n s u l a t i o n  
Using K = .33 f o r  F i b e r g l a s s  B a t t s  
and K = .13  f o r  Urethane  
C a l c u l a t e d  Heat Loss Through Wal l s  
and Bottom of S imula to r  Using 
K = - 1 3  f o r  Urethane 
Time I n  Coo le r  - Days 
FIGURE 8 Time 4750 Btu Hea te r  was Required  t o  Run 
t o  Mainta in  72 'F I n t e r i o r  Temperature  
Versus  Time S imula to r  was i n  Coo le r  
Table  I1 i s  t a b u l a t e d  d a t a  and c a l c u l a t i o n s  
f o r  t he  d e r i v a t i o n  of "R" and "K" v a l u e s  o f  t h e  
v a r i o u s  i n s u l a t i o n  sys t ems .  
Note: 35 "F Cooler  Temperature 
Legend: A. I n s u l a t i o n  Only. No Shee t rock  
B. 7  I n c h e s  I n s u l a t i o n  Over Shee t rock  
C. One Membrane, 7  Inches  I n s u l a t i o n  
Over Shee t rock  
D. Two Membranes. 7  Inches  I n s u l a t i o n  
Over Shee t rock  
- 
D i f f e r e n t i a l  Temperature  - Deg F 
FIGUKE 9 Heat Loss Through F i b e r  I n s u l a t i o n  Versus  
D i f f e r e n t i a l  Temperature  Between Cooler  
and I n s i d e  o f  S i m u l a t o r  
As can be  s e e n ,  t h e  energy usage  r e d u c t i o n  and 
economic s a v i n g s  a r e  s u b s t a n t i a l  i f  membranes a r e  
used i n  c o n j u n c t i o n  w i t h  f i b e r  i n s u l a t i o n .  I n  
f a c t ,  o n l y  one - th i rd  a s  much h e a t  is l o s t  through 
a n  a t t i c  i f  i n s u l a t i o n  and two membranes a r e  used 
a s  t h e r e  is u s i n g  o u r  c u r r e n t  technology.  The 
r e a s o n  f o r  t h i s  d i s c r e p a n c y  is t h a t  m a t e r i a l s  a r e  
t e s t e d  u s i n g  t h e  Guarded Hot P l a t e  which sandwiches  
t h e  t e s t  m a t e r l a l  between a  h o t  p l a t e  and a  c o l d  
p l a t e  and d e r i v e s  "R" and "Kt' v a l u e s  based on t h e  
conducted  h e a t  through t h e  m a t e r i a l .  Then i t  i s  
expec ted  t o  f u n c t i o n  i n  an  a t t i c  a s  i t  d i d  i n  t h e  
t e s t .  
TABLE 2 - D e r i v a t i o n  Of I n  P l a c e  "R" And "K" Values  
I U n i t s  1 7 Inches  1 7  Inches  11 Membrane ( 2 Membranes I 
I n s u l a t i o n  I n s u l a t i o n  I n s u l a t i o n  I n s u l a t i o n  
Only,  NO I Over 1 ove r  1 o v e r  I 
For Seven ~ a ~ s a x  4750 Btu 
@ Heat Loss  Through I n s u l a t i o n  Btu 15.16 5.40 2.68 1.77 a / ( l 6 8  Hr. x  7.8 I?t2) Hr x ~ t '  
a In P l ace  Thermal C o n d u c t i v i t y  "K" Btu x In .  3.03 1.08 .53 .35 
@ In  P l a c e  Thermal R e s i s t a n c e  In .  2.3 *2 6.48 13.05 19.7 ----. 
*1 5.33 h r .  = t ime  h e a t e r  on f o r  h e a t  l o s s  through w a l l s  and bottom o f  box. 
*2 Pub l i shed  "R" Value = 22. 
TABLE I1 
9 3  
0 
a 
0 
Hr . 
Hr . 
Btu 
Time Heater  On For 7  Days 
Time Heater  On For Loss Through 
1 n s u l a t i o n O -  5 .33 Hrs. *1 
Heat Loss  Through I n s u l a t i o n  
Shee t rock  
9.5 
4.17 
19807 
Shee t rock  
6.82 
1.49 
7077 
Shee t rock  
6.07 
.74 
3515 
Shee t rock  
5.82 
.49 
2327 
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The d a t a  c.ln:.~~lil,ed j .s  v e r y  r e p e a  t a b l e .  
E a c h  f u n c t . i o n  i s  a  s t r a i g h t  l i n e  w i t h  
a p p r o x i m a t e l y  f o u r t e e n  (14) d a t a  p o i n t s  
p l o t t e d  o n  e a c h  f u n c t . i o n  w i t h  n o  a p p a r e n t  
s c a t t e r .  A 1  s o ,  t h e  test t o  o b t a i n  d a t a  f o r  
t h e  h e a t  l o s s  t h r o u g h  t h e  w a l l s  and  bot tonl  
o f  t h e  s i m u l a t o r  w a s  r e p e a t e d  t h r e e  ( 3 )  
t i m e s .  I n  o n e  c a s e  t h e r e  w a s  a  p o w e r  
f a i  I u r e  w h i c h  i n v a l  i d a t e d  t h e  d a t a .  
However ,  t h e  f i r s t  d a y ' s  d a t a  a g r e e d  w i t h  
t h e  o t h e r  t.wo tests. T h e  o t h e r  t w o  tes t s  
p r o d u c e d  a  c a l c u l a t e d  l o s s  t h r o u g h  t h e  
w a l l  o a n d  b o t t o m  o f  t h e  s i m u l a t o r  o f  5.33 
h o u r s  a n d  5.40 h o u r s  p e r  week.  T h i s  i s  
l e s s  t h a n  a  f o u r  (4) m i n u t e  v a r i a t i o n  i n  
t h e  time t h e  h e a t e r  w a s  o n  f o r  s e v e n  ( 7 )  
d a y s .  
To t h i s  r e s e a r c h e r ' s  k n o w l e d g e  t h e r e  
is n o  t e s t .  f o r  i n s u l a t i o n  e f f i c i e n c y  wh ich  
h a s  t h i s  d e g r e e  o f  a c c u r a c y .  T h e  t e s t s  
c o n d u c t e d  i n  t h i s  s t u d y  d o  n e e d  t o  b e  
r e p e a t e d  u s i n g :  ( 1 )  l a r g e r  t e s t  
s i m u l a t o r s ;  ( 2 )  v a r i o u s  t h i c k n e s s e s  o f  
i n s u l  a t i o n ;  ( 3 )  m o r e  m e m b r a n e s ;  a n d  ( 4 )  a t  
v a r i o u s  d i f f e r e n t i a l  t e m p e r a t u r e s .  
CONCLUSIONS 
It is t h e  o p i n i o n  of t h i s  r e s e a r c h e r  based on 
t h e  d a t a  ob ta ined  from t h i s  s t u d y  t h a t :  
1 .  Heat t r a n s f e r  through f i b e r  i n s u l a t i o n  i n  
a t t i c s  w i l l  be  reduced by 50 p e r c e n t  t o  70 
p e r c e n t  i f  membranes a r e  used through and ove r  
t h e  i n s u l a t i o n .  
2 .  The "Guarded Hot P l a t e  Tes t"  does  n o t  appear  
t o  a c c u r a t e l y  p r e d i c t  t h e  t he rma l  i n - p l a c e  
p r o p e r t i e s  o f  i n s u l a t i o n  a s  used i n  a t t i c s .  
3. More t e s t s  need t o  be conducted u s i n g  
membranes i n  c o n j u n c t i o n  w i t h  f i b e r  
i n s u l a t i o n .  
It is  r e a l i z e d  t h a t  t h i s  r e s e a r c h  i s  n o t  
complete.  However, t h e  ev idence  and d a t a  a c q u i r e d  
from t h i s  s t u d y  i n  each a r e a  i n d i c a t e s  a  
s i g n i f i c a n t  improvement i n  t h e  e f f i c i e n c y  o f  
i n s u l a t i o n  i f  membranes a r e  used i n  con junc t ion  
wi th  f i b e r  i n s u l a t i o n .  
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